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???Gabor ????????????????????? 1 ?????Iris Code ???
????????? [7] ???????????????????????????????
??????????????????Iris Code ???????????????????
??????????????????????????????????????????
????????????????????????????? 2 ?? Gabor ??????
?????????????????????Gabor ?????????????????
?????????? 2.8 (a), (b)?????? (ρ, φ) ???? Gabor ???? GI(ρ, φ) ??
????????
GI(ρ, φ) = e−jωI (φ−φ0)e−(ρ−ρ0)2/σ2ρe−(φ−φ0)2/σ2φ (2.1)
????ρ0?φ0 ?????????σρ?σφ ? 2 ???????????ωI ??????
?????????????????? Gabor ????????????????????
??????????????????? 2.8 (c) ???????????????????
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????????????Iris Code ????? 1 ??????????Iris Code ????
????????????? [7]?
CI,Re =
⎧⎨
⎩
1 if
∫ ∫
Re
[
e−jωI (φ0−ψ)e−(ρ0−γ)
2/σ2ρe−(φ0−ψ)
2/σ2φ
]
I(γ, ψ)γdγdψ ≥ 0
0 if
∫ ∫
Re
[
e−jωI (φ0−ψ)e−(ρ0−γ)
2/σ2ρe−(φ0−ψ)
2/σ2φ
]
I(γ, ψ)γdγdψ < 0
(2.2)
CI,Im =
⎧⎨
⎩
1 if
∫ ∫
Im
[
e−jωI (φ0−ψ)e−(ρ0−γ)
2/σ2ρe−(φ0−ψ)
2/σ2φ
]
I(γ, ψ)γdγdψ ≥ 0
0 if
∫ ∫
Im
[
e−jωI (φ0−ψ)e−(ρ0−γ)
2/σ2ρe−(φ0−ψ)
2/σ2φ
]
I(γ, ψ)γdγdψ < 0
(2.3)
????CI,Re?CI,Im ? Iris Code ?????????I(γ, ψ) ????????????
?????? (2.2)?(2.3) ????????????? (ρ0, φ0) ?????2 bit ???
[CI,Re, CI,Im] ????????????????????????????????????
2,048 bit ? Iris Code ???????2 ?? Iris Code ?????????????????
???????????????????????? 2 ?? Iris Code ? C1?C2 ?????
????????????? DHam ???????????
DHam =
1
2, 048
2,048∑
i=1
C1(i)⊕ C2(i) (2.4)
????⊕ ??????? (Exclusive-OR, XOR) ????C1(i), C2(i) ?????? C1, C2
? i ????????? (2.4) ?????? DHam ????????? Iris Code ????
? 0 ??????????? Iris Code ????? 0.5 ??? [7]?????DHam ? 0 ??
??? 2 ?? Iris Code ???????????????????0.5 ??????????
?????????????Iris Code ????????????????????????
????????????PalmCode [8] ? FusionCode [93] ???????????
???Gabor ??????? 1 ????????????? Competitive Code (Comp-
Code) ????????CompCode??????????????????Gabor ????
??????????????????????????? [94]?CompCode ??????
Gabor ????????????? [94]?
GC (n1, n2, φ, ωC , σ) = 1
2πσ2
e−
n21+n
2
2
2σ2 e2πj(ωCn1 cos φ+ωCn2 sinφ) (2.5)
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−0.5
0
0.5
1
−1
−0.5
0
0.5
1
(a) (b)
Im
Re
[1,1]
[1,0]
[0,1]
[0,0]
(c)
? 2.8 Gabor ????????????(a)???(b)???(c)????????
??
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? 2.2 Competitive Code ????????
CC Bit 0 Bit 1 Bit 2
0 0 0 0
1 0 0 1
2 0 1 1
3 1 1 1
4 1 1 0
5 1 0 0
? (2.1) ?? (2.5) ????????Gabor ??????? φ ?????????????
CompCode ??????????? φi = iπ/6 (i = 0, · · · , 5) ? 6 ??????????
I (n1, n2) ?????? CompCode CC ???????????
CC (n1, n2) = argmin
i
[I (n1, n2) ∗ Re {GC (n1, n2, φi, ωC , σ)}] (2.6)
????“∗” ????????????????? 2.2 ???????0 ∼ 5 ??? 3 ???
?????????CompCode ???????????Iris Code ????????????
?????????
Gabor ??????????????????????2 ?????? 3 ???????
??????????????Ordinal ?????????????????? 2 ?????
?????????? Ordinal Code ?????????????????????? [95],
[96]????????????????????????????????????????
Gabor ??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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6 5 2
7 6 1
9 8 7
1 0 0
1 0
1 1 1
Pattern = 11110001 LBP = 128+64+32+16+1
= 241
1 2 4
128 8
64 32 16
thresholded value3x3 block
? 2.9 LBP ?????????????????????????? 2 ?????
?????????????? 1 ????????????? 2 ????
???????????????????????????? LBP ???
????
?????????????????
2.3.2 Local Binary Patterns (LBP) ??????
LBP ????? [97] ???????????????????????????????
????????????? 2.9 ??????????????????????????
???????????????? 1 ????????????? 2.9 ?????????
??????????????????????????????????????????
2 ??????????? 10 ???????????????? LBP ?????????
??????????????????LBP ??????????LBP ?????????
??????????????????????????????????????????
????? LBP ?????????????????HR = [HR,1, · · · ,HR,Nblock ] ???
HI = [HI,1, · · · ,HI,Nblock ] ????????Nblock ??????????????????
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???????? DL ??HR ? HI ???????????????????
DL =
Nblock∑
i1=1
Nbin∑
i2=1
yi1
(HR,i1,i2 −HI,i1,i2)2
HR,i1,i2 +HI,i1,i2
(2.7)
????i2 ??????????????HR,i1,i2 ??? HI,i1,i2 ??HR,i1 ??? HI,i1 ?
i2 ??????????????yi1 ? i1 ???????????Nbin ??????????
????????????????????????????????????? [98]–
[100] ??????LBP ??????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????
2.3.3 Scale Invariant Feature Transform (SIFT) ??????
SIFT ??????????????????????????????????????
??????????????????????????????SIFT ?????????
????????????????
SIFT ?????Diﬀerence of Gaussians (DoG) ??????????????????
??????????????????????????????????????????
????????????????????????? 4× 4 ??????????????
??? 8 ???????????????128 ????????????????? SIFT
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????? Random
Sample Consensus (RANSAC) [101] ??????????? [102]????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????? [103]????????????????
????????????????
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SIFT ?????????????????????????????????????
? [49], [102], [104]–[107] ??????SIFT ?????????????????????
??????????????????????????????????????????
??SIFT ?????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????? [49]?????????????????????????
?????? [42]?
2.4 ???????????????
????????????????????????????? [3], [4], [6], [108], [109]??
??????????????????????? 2 ?????????????????
??????????????????????? 0 ?? 1 ???????1 ??????
???????????0 ??????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
???????1 ? 1 ?? (Veriﬁcation)???? 1 ? N ?? (Identiﬁcation) ??????
?????1 ? 1 ?? ????????????????????????????????
??????????????????????????????????????????
???????????????????????????????1 ? 1 ???????
??????????????????????????????????????????
??????????????????????????????????????????
???????? 1 ? N ??????????????????????????????
?????????????????????????????1 ? N ??????????
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??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????????? 1 ? N ?????
?????????????????????? 1 ???????????????????
?????????????????????????????????
2.4.1 1 ? 1 ??
?????1 ? 1 ??????????????????? 1 ? 1 ?????????
????? 2 ???????1 ???????????????????????????
?? 1 ??????????????????????????????????????
??????????????????????????False Reject Rate: FRR ???
False Non-Match Rate: FNMR?????????????????????????False
Accept Rate: FAR ??? False Match Rate: FMR??????????????????
???????????????????FRR ??? FAR ?????????????
FRR =
???????????
???????
× 100 [%] (2.8)
FAR =
???????????
???????
× 100 [%] (2.9)
??????????????????????????????????????????
?????????? 2.10 ????? 2.10 ??????????????????????
?????????????????????????????????? 100 % ????
??????????????????????????????????????????
???????????????
????????????????????? FRR ??? FAR ?????????
? 2.11 (a) ???????????FAR ? FRR ??????????????????
??? 2.11 (a) ???? ZeroFRR, ZeroFAR, EER (Equal Error Rate) ????????
?????????????????????????????ZeroFRR ??FRR ? 0 ?
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0 1
Threshold
Genuine Pair
Imposter Pair
Matching Score
Fr
eq
ue
nc
y
An authorized person
is falsely rejected
A nonauthorized person
is falsely accepted
? 2.10 ?????????????????????????????????
??? 0 ∼ 1 ?????????????????????????
??????????? FAR ???????ZeroFAR ??FAR ? 0 ?????????
??? FRR ???????ZeroFRR ????????????????????????
? ZeroFAR ??????????????????????EER ??FRR = FAR ???
?????????EER ??????????????????1 ? 1 ?????????
Receiver Operating Characteristic (ROC) ?????????ROC ??????????
??????????????????? FRR???? FAR ?????????????
?????????????????????????????????????????
FAR???????????????????????? (Genuine Accept Rate: GAR) ?
?????????????????????????????????ROC ??????
???????????????????
??????ROC ????? EER ???????????????????????
??FRR ??? FAR ????????????????????FRR ? FAR ?????
???? EER ????????????????????????Fingerprint Veriﬁcation
Competition (FVC) 2002 [110] ???????????????? EER ????????
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0
0
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Threshold
1
(a) (b)
? 2.11 1 ? 1 ???????????(a) ?????? FAR ??? FRR ???
??(b) ROC ??
FRR ? FAR ??????????????? t1 ????? FRR ? FAR ???????
???????? t2 ?????????? t1 ??? t2 ???? FRR ? FAR ?????
????????????????????????? FRR ??? FAR ???? EERlow
??? EERhigh ?????
[EERlow,EERhigh]
=
{
[FRR(t1),FAR(t1)] (if FRR(t1) + FAR(t1) ≤ FRR(t2) + FAR(t2))
[FRR(t2),FAR(t2)] (otherwise)
(2.10)
???? EERlow ??? EERhigh ????????? EER ?????
EER =
EERlow + EERhigh
2
(2.11)
2.4.2 1 ? N ??
?????1 ? N ???????????????? [109]???????????
?????????????? R = {X1, X2, · · · , XNR} ??? I = {Y1, Y2, · · · , YNI}
????????? YnR ?????????????? XnI ????????
S(YnR , XnI ) ????????nR = 1, 2, · · · , NR ??? nI = 1, 2, · · · , NI ????
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????1 ? N ?? ???????????????????Cumulative Match
Characteristic (CMC) ???????CMC ???????????????????
???????????????????????????? NI × NR ???????
SnI = {S(YnI , X1), S(YnI , X2), · · · , S(YnI , XNR)} (nI = 1, 2, · · · , NI) ????????
??NI ???? SnI ?????? NR ???????????????????????
???????? S(YnI , XnR) ?????????????
S(YnI , X(1)) ≥ S(YnI , X(2)) ≥ · · · ≥ S(YnI , X(NR)) (2.12)
????X(η) ??????? YnI ?????? XnI ???????????i ?????
???????????????????????????????? YnI ???????
?????????????? η ???????????????????????? η ??
??? (2.12) ???????????????? (nI = 1, 2, · · · , NI) ??????? ηnI ?
???????????????????????? η ?????? P (η) ?????P (η)
???????????
P (η) =
#(ηnI = η)
NI
(η = 1, 2, · · · , NR) (2.13)
????#(ηnI = η) ???? ηnI ????η ??????????????? (2.13) ???
??CMC ???????????????? η ???? CMC ???? CMC(η) ??P (η)
??????????????????
CMC(η) =
η∑
i=1
P (i)× 100 [%] (2.14)
1 ? N ???????????????? 1 ????????????CMC(1) ??? (2.14)
? 100 % ???????? η ???????????????
2.5 ???
?????????????????????????????????????????
??????????????????????????????????????????
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????? 4 ????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????
33
? 3?
????????????????
???????
3.1 ????
?????????????????????????????????????????
??????????????Kuglin ????? 1975 ?????? [111]????????
?????????????Fourier-Mellin ??????????????????????
???????? [112]???????? [113] ????????????????????
??????????????????????????????????????????
???????????????3 ??????????????????????????
????????????????????????? [11], [114]–[116]?????????
??????????????????????????????????????????
?????????????????? (Band-Limited Phase-Only Correlation: BLPOC)
???????? [14]??????????????????????????? [14]–[16],
[18], [47], [117], [118]?
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????? “??????” ????????????
????????????????
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
3.2 ???????
?????????????????POC ??????????????????????
??????????????????????????????????????????
3.2.1 ??????????????????
??? N1 ×N2 ? 2 ?? 2 ??????? f(n1, n2) ??? g(n1, n2) ????????
???????????????????? n1 = −M1, · · · ,M1 ??? n2 = −M2, · · · ,M2
????????M1 ??? M2 ?????????????????? N1 = 2M1 + 1 ?
?? N2 = 2M2 + 1 ????????????? 2 ?????????? (Discrete Fourier
Transform: DFT) ????? F (k1, k2) ??? G(k1, k2) ??????????
F (k1, k2) =
M1∑
n1=−M1
M2∑
n2=−M2
f(n1, n2)W
k1n1
N1
W k2n2N2
=AF (k1, k2)e
jθF (k1,k2) (3.1)
G(k1, k2) =
M1∑
n1=−M1
M2∑
n2=−M2
g(n1, n2)W
k1n1
N1
W k2n2N2
=AG(k1, k2)e
jθG(k1,k2) (3.2)
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????k1 = −M1, · · · ,M1 ??? k2 = −M2, · · · ,M2 ????????????????
????????? WN1 = e
−j 2πN1 ???WN2 = e
−j 2πN2 ??????????AF (k1, k2)
??? AG(k1, k2) ?????????? f(n1, n2) ??? g(n1, n2) ?????????
θF (k1, k2) ??? θG(k1, k2) ?????????????????F (k1, k2) ? G(k1, k2) ?
????????????? R(k1, k2) ????????????
R(k1, k2) =
F (k1, k2)G(k1, k2)∣∣∣F (k1, k2)G(k1, k2)∣∣∣
=ej{θF (k1,k2)−θG(k1,k2)} (3.3)
????G(k1, k2)? G(k1, k2)?????????POC?? r(n1, n2)??????????
????? R(k1, k2) ? 2 ??????????? (Inverse Discrete Fourier Transform:
IDFT) ??????????????
r(n1, n2) =
1
N1N2
M1∑
k1=−M1
M2∑
k2=−M2
R(k1, k2)W
−k1n1
N1
W−k2n2N2
=
1
N1N2
M1∑
k1=−M1
M2∑
k2=−M2
ej{θF (k1,k2)−θG(k1,k2)}W−k1n1N1 W
−k2n2
N2
(3.4)
???? 2 ?????? POC ???????????????????????????
??????2 ??????????????????????????????????
?????????????????????????? 1 ??????????????
????????????????????????????? 3.1 (c), (e) ??2 ???
??? 3.1 (a), (b)??????? POC ?????????????????? POC ??
?? 3.1 (c)?????????????????????????? 2 ?????????
?? POC ???? 3.1 (e)???????????????????????? 3.1 (d), (f)
????????????? (Zero-mean Normalized Cross-Correlation: ZNCC) ????
??POC ??? ZNCC ???????????????ZNCC ????????POC ?
???????????????????????????????????POC ????
(i) ??????????????? (ii) ???????????????????????
??????????????????? [14]?????????????????????
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(a) (b)
(c) (d)
(e) (f)
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0
32
64
−64
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0
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0.6
0.8
1
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0
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0
32
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−0.2
0
0.2
0.4
0.6
0.8
1
−64
−32
0
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0
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−0.2
0
0.2
0.4
0.6
0.8
1
−64
−32
0
32
64
−64
−32
0
32
64
−0.2
0
0.2
0.4
0.6
0.8
1
? 3.1 POC ?? r(n1, n2) ? ZNCC ?? rZNCC(n1, n2) ???????????
?????(a) 2 ?????? f(n1, n2)?(b) 2 ?????? g(n1, n2)?(c)
f(n1, n2) ? f(n1, n2) ? POC ?? r(n1, n2)?(d) f(n1, n2) ? f(n1, n2)
? ZNCC ?? rZNCC(n1, n2)?(e) f(n1, n2) ? g(n1, n2) ? POC ??
r(n1, n2)?(f) f(n1, n2) ? g(n1, n2) ? ZNCC ?? rZNCC(n1, n2)
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(i) ????????
?????????????? fc(x1, x2) ?????????x1 ??? x2 ???????
???δ1 ??? δ2 ????? x1 ??? x2 ??????????????????? δ1 ?
?? δ2 ??????????????? fc(x1 − δ1, x2 − δ2) ?????????????
fc(x1, x2) ??? fc(x1 − δ1, x2 − δ2) ??????????? T1 ??? T2 ???????
???????? f(n1, n2) ??? g(n1, n2) ???????????
f(n1, n2) = fc(x1, x2)|x1=n1T1,x2=n2T2 (3.5)
g(n1, n2) = fc(x1 − δ1, x2 − δ2)|x1=n1T1,x2=n2T2 (3.6)
????n1 = −M1, · · · ,M1 ??? n2 = −M2, · · · ,M2 ???????????????
T1 = T2 = 1 ??????????????????? 2 ?????? f(n1, n2) ???
g(n1, n2) ???POC ????????????????? δ1 ??? δ2 ????????
????????δ1 ??? δ2 ?????????? 1 ????????????????
???????????????????????? f(n1, n2) ??? g(n1, n2) ? 2 ??
DFT F (k1, k2) ??? G(k1, k2) ???????????????
G(k1, k2)  F (k1, k2)e−j
2π
N1
k1δ1e
−j 2πN2 k2δ2 (3.7)
??????????????????????????????????????????
???????????????????????????????????????2 ??
DFT ???????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????? (3.3) ???F (k1, k2) ??? G(k1, k2) ?????????
????? R(k1, k2) ??????????
R(k1, k2)  ej
2π
N1
k1δ1ej
2π
N2
k2δ2 (3.8)
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POC ?? r(n1, n2) ??R(k1, k2) ? 2 ?? IDFT ??????????????
r(n1, n2) =
1
N1N2
M1∑
k1=−M1
M2∑
k2=−M2
R(k1, k2)W
−k1n1
N1
W−k2n2N2
 1
N1N2
M1∑
k1=−M1
M2∑
k2=−M2
ej
2π
N1
k1δ1ej
2π
N2
k2δ2W−k1n1N1 W
−k2n2
N2
=
1
N1N2
M1∑
k1=−M1
e
j 2πN1
k1(n1+δ1)
M2∑
k2=−M2
e
j 2πN2
k2(n2+δ2)
=
1
N1N2
sin{π(n1 + δ1)}
sin{ πN1 (n1 + δ1)}
sin{π(n2 + δ2)}
sin{ πN2 (n2 + δ2)}
(3.9)
????2 ???????????? δ1 ??? δ2 ?????? POC ?????????
????????????f(n1, n2) ??? g(n1, n2) ?????????????????
???????????????????????????????? 1 ????????
???????????????????????????????????? α ?????
? (3.9) ?????????????
r(n1, n2)  α
N1N2
sin{π(n1 + δ1)}
sin{ π
N1
(n1 + δ1)}
sin{π(n2 + δ2)}
sin{ π
N2
(n2 + δ2)} (3.10)
?????2 ?????????????? (δ1, δ2) ??????POC ?????????
??????????????????????POC ??????????????2 ??
???????????????????????????
(ii) ??????????
???? g(n1, n2) ?????????????????? g′(n1, n2) = λg(n1, n2) ??
??????λ > 0 ?????????g′(n1, n2) ? 2 ?? DFT G′(k1, k2) ??????
???
G′(k1, k2) =
M1∑
n1=−M1
M2∑
n2=−M2
λg(n1, n2)W
k1n1
N1
W k2n2N2
=λAG(k1, k2)e
jθG(k1,k2) (3.11)
?????f(n1, n2) ? g′(n1, n2) ?????????????? R′(k1, k2) ???????
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???
R′(k1, k2) =
F (k1, k2)G′(k1, k2)∣∣∣F (k1, k2)G′(k1, k2)∣∣∣
=ej{θF (k1,k2)−θG(k1,k2)}
=R(k1, k2) (3.12)
? (3.12) ???f(n1, n2) ? g′(n1, n2) ? POC ????f(n1, n2) ? g(n1, n2) ? POC ??
?????????POC ???????????????????????????????
3.2.2 ???????????????????????
POC ????????3.2.1 ???????????????????????????
??????????????????????????????????????????
?????????????? POC ????????????????
(i) ???????????????
DFT ??????????????????????????????????????
?????????????????????????????????????????
f(n1, n2) ??? g(n1, n2) ?????????????????????????????
????????*1?
W(n1, n2) =
1 + cos
(
πn1
M1
)
2
1 + cos
(
πn2
M2
)
2
(3.13)
? 3.2 (a), (b) ????????????????? 2 ?????????????????
????? Lenna ?????????????????????????????????
??? 3.2 (c)??????????????????k1 = 0 ? k2 = 0 ??????????
??????????????????????????????????????????
??????????????????????????
*1 ?????????????????????????????????????????????????
?????????
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(a) (b) (c)
(d) (e) (f)
? 3.2 ????????????????????(a) 2 ?????? f(n1, n2)?
(b) 2 ?????? g(n1, n2)?(c) (a) ? (b) ??????????(d)
f(n1, n2) ??????????????(e) g(n1, n2) ?????????
?????(f) (d) ? (e) ?????????
(ii) ??????????
?????????????????????????????????????????
??????????????????????????????????????????
????????????? S/N ??????????????????????????
????????????????????????????????? POC ??????
??????? 3.3 ??? 3.2 (a) ??? 3.2 (b) ???????????????????
POC ?????????? 3.4 ??? 3.2 (a) ??? 3.2 (b) ??????????????
?????????? POC ???????????????Thin-Plate Spline (TPS) [119]
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?????? 3.2 (b) ?? 8 ????????????????????????????
[−d, d] ??????????????????????????????????????
??????POC ?????????????????????????????????
????????????????????? (3.3) ??????????????????
? R(k1, k2) ????????F (k1, k2) ??? G(k1, k2) ???????????????
????????? 1 ????????????????????????????????
???????????????????
????????????????????????R(k1, k2) ????????????
?????????? H(k1, k2) ???????????????????????????
????????????????????????? H(k1, k2) ????????????
???????????
H(k1, k2) =
{
1 (if |k1| ≤ M ′1, |k2| ≤ M ′2)
0 (otherwise)
(3.14)
????M ′1 ??? M
′
2 ????? 0 < M
′
1 ≤ M1 ??? 0 < M ′2 ≤ M2 ????????
???????POC ????H(k1, k2)R(k1, k2) ? 2 ?? IDFT ???????????
???
r(n1, n2)  α
N1N2
sin
{
N ′1
N1
π(n1 + δ1)
}
sin
{
π
N1
(n1 + δ1)
} sin
{
N ′2
N2
π(n2 + δ2)
}
sin
{
π
N2
(n2 + δ2)
} (3.15)
????N ′1 = 2M
′
1 + 1 ??? N
′
2 = 2M
′
2 + 1 ????α ≤ 1 ????
?????3 ????????????H(k1, k2) ??????????????????
???????
H(k1, k2) = e
−2π2σ2
(
k21
N2
1
+
k22
N2
2
)
(3.16)
(3.17)
????σ ?????????????????????????????????????
???????????????????????????????
r(n1, n2)  α
2πσ2
e
−
{
(n1+δ1)
2
2σ2
+
(n2+δ2)
2
2σ2
}
(3.18)
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(b)
(a)
(c)
(d)
1
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-128 -64 128640
0
1
0.8
0.6
0.4
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0
? 3.3 ??????????? POC ??????(a) 2 ?????? f(n1, n2)?
(b) 2 ?????? g(n1, n2) ? S/N = 20 dB ????????????(c)
2 ?????? g(n1, n2) ? S/N = 10 dB ????????????(d) 2
?????? g(n1, n2) ? S/N = 5 dB ????????????(b)–(d)
???????????????(a) ?????????????n2 = 2 ?
??? POC ???
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(b)
(a)
(c)
(d)
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-128 -64 128640
-128 -64 128640
0
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0.8
0.6
0.4
0.2
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0
? 3.4 ?????????????? POC ??????(a) 2 ??????
f(n1, n2)?(b) d = 0.5 ????????? 2 ?????? g(n1, n2)?(c)
d = 1 ????????? 2 ?????? g(n1, n2)?(d) d = 1.5 ????
????? 2 ?????? g(n1, n2) ?(b)–(d) ???TPS ???????
?????????(a) ?????????????n2 = 2 ???? POC
???
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????α ≤ 1 ????? (3.15) ???? (3.18) ?????????3.2.1 ???????
?????????????????????????????????????????
????????????? H(k1, k2) ??????????H(k1, k2) ???????POC
??????????????????????????????????????? POC
?????????????????????????????????? α, δ1, δ2 ???
???????????
3.3 ???????????
3.2.2 ????????????????????????????????????
????????????????????????????????????????
POC ????????????????????????????????????
???????????????????? POC ????????????? (Band-
Limited Phase-Only Correlation: BLPOC) ????????????????????
2 ?? IDFT ???????????? k1 = −K1, · · · , K1 (0 < K1 ≤ M1)? ???
k2 = −K2, · · · , K2 (0 < K2 ≤ M2) ???????L1 = 2K1 + 1???? L2 = 2K2 + 1 ?
????????BLPOC ?? rK1K2(n1, n2) ???????????
rK1K2(n1, n2) =
1
L1L2
K1∑
k1=−K1
K2∑
k2=−K2
R(k1, k2)W
−k1n1
L1
W−k2n2L2
 1
L1L2
K1∑
k1=−K1
K2∑
k2=−K2
ej
2π
N1
k1δ1ej
2π
N2
k2δ2W−k1n1L1 W
−k2n2
L2
=
1
L1L2
K1∑
k1=−K1
e
j 2πL1
k1
(
n1+
L1
N1
δ1
) K2∑
k2=−K2
e
j 2πL2
k2
(
n2+
L2
N2
δ2
)
=
1
L1L2
sin
{
π
(
n1 +
L1
N1
δ1
)}
sin
{
π
L1
(
n1 +
L1
N1
δ1
)} sin
{
π
(
n2 +
L2
N2
δ1
)}
sin
{
π
L2
(
n2 +
L2
N2
δ2
)} (3.19)
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????????????????????????? α ???????? (3.10) ????
? BLPOC ???????????????????????
rK1K2(n1, n2) 
α
L1L2
sin
{
π
(
n1 +
L1
N1
δ1
)}
sin
{
π
L1
(
n1 +
L1
N1
δ1
)} sin
{
π
(
n2 +
L2
N2
δ1
)}
sin
{
π
L2
(
n2 +
L2
N2
δ2
)} (3.20)
BLPOC ????2?? IDFT ????? POC ???????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? POC ??????BLPOC ?????
??????? 3.5 ???? 3.6 ??????? 3.3 ???? 3.4 ????????????
????? BLPOC ??????????L1/N1 = L2/N2 = 0.5 ????? 3.3 ?? 3.5?
? 3.4 ?? 3.6 ???????????????????POC ???? BLPOC ????
?????????????????
? (3.20) ????????????????????????? δ1 ??? δ2 ? 2 ???
??????? BLPOC ??????????(−L1
N1
δ1,−L2N2 δ2) ????????δ1 ???
δ2 ????????????????????????????????????????
??1 ???????????????????????????????????????
???????????POC ?????????????? BLPOC ??????????
??????????????????????????????????????????
??????????????????????????Levenberg-Marquardt ? [120] ?
??????????????????????????????????????????
????????????????? (3.10), (3.15), (3.18) ??????????????
???POC ?????????????????????? (−δ1,−δ2) ????? α ??
?????????????? (Peak Evaluation Formula: PEF) ???????? [121]?
PEF ????????????????????????????????????????
?????? (3.20) ????? BLPOC ??????????????? PEF ??????
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(b)
(a)
(c)
(d)
1
0.8
0.6
0.4
0.2
−0.2
−64 640
0
1
0.8
0.6
0.4
0.2
−0.2
−64 640
−64 640
0
1
0.8
0.6
0.4
0.2
−0.2
0
? 3.5 ??????????? BLPOC??????(a) 2?????? f(n1, n2)?
(b) 2 ?????? g(n1, n2) ? S/N = 20 dB ????????????(c)
2 ?????? g(n1, n2) ? S/N = 10 dB ????????????(d) 2
?????? g(n1, n2) ? S/N = 5 dB ????????????(b)–(d)
???????????????(a) ?????????????n2 = 1 ?
??? BLPOC ???
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(b)
(a)
(c)
(d)
1
0.8
0.6
0.4
0.2
−0.2
−64 640
0
1
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0.6
0.4
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−64 640
−64 640
0
1
0.8
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0.4
0.2
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0
? 3.6 ?????????????? BLPOC ??????(a) 2 ??????
f(n1, n2)?(b) d = 0.5 ????????? 2 ?????? g(n1, n2)?(c)
d = 1 ????????? 2 ?????? g(n1, n2)?(d) d = 1.5 ????
????? 2 ?????? g(n1, n2) ?(b)–(d) ???TPS ???????
????????????(a) ?????????????n2 = 1 ????
BLPOC ???
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?????????? (3.20) ????????????
rK1K2(n1, n2)  α
sin
{
π
(
n1 +
L1
N1
δ1
)}
π
(
n1 +
L1
N1
δ1
) sin
{
π
(
n2 +
L2
N2
δ1
)}
π
(
n2 +
L2
N2
δ2
) (3.21)
?????????????????? (3.20) ?????????????BLPOC ??
rK1K2(n1, n2) ?????????? (ν1, ν2) ???????????ν1 ??? ν2 ????
????????????? (−L1N1 δ1,−L2N2 δ2) ??n1 ??? n2 ?????????L1N1 δ1 ?
?? L2N2 δ2 ??????????????????n2 ? n2 = ν2 ?????????BLPOC
?? rK1K2(n1, n2) ? 1 ?????????
L1
N1
δ1 ??????????n1 ? n1 = ν1 ??
?????? L2N2 δ2 ???????????
L1
N1
δ1 ?????????????n2 ? n2 = ν2
???????? BLPOC ????? (3.21) ??????????
rK1K2(n1, n2)|n2=ν2 = rK1K2(n1)
 β
sin
{
π
(
n1 +
L1
N1
δ1
)}
π
(
n1 +
L1
N1
δ1
) (3.22)
????β ?????????
β = α
sin
{
π
(
n2 +
L2
N2
δ1
)}
π
(
n2 +
L2
N2
δ2
) (3.23)
?????? (3.22) ?????δ1 ? rK1K2(ν1 − 1), rK1K2(ν1), rK1K2(ν1 + 1) ? 3 ???
??????????????????*2??? 3 ?????????????
rK1K2(ν1 − 1) = β
sin
{
π
(
ν1 − 1 + L1N1 δ1
)}
π
(
ν1 − 1 + L1N1 δ1
) (3.24)
rK1K2(ν1) = β
sin
{
π
(
ν1 +
L1
N1
δ1
)}
π
(
ν1 +
L1
N1
δ1
) (3.25)
rK1K2(ν1 + 1) = β
sin
{
π
(
ν1 + 1 +
L1
N1
δ1
)}
π
(
ν1 + 1 +
L1
N1
δ1
) (3.26)
*2 ?????−K1 ≤ ν1 − c1 < ν1 + b1 ≤ K1 ???????? c1 ???? rK1K2 (ν1 − c1), rK1K2 (ν1),
rK1K2 (ν1 + c1) ? 3 ???????????????????????????c1 ???????
rK1K2 (ν1 ± c1) ? S/N ??????????????? c1 = 1 ?????????
? 3 ? ??????????????????????? 49
? (3.24) ?? (3.26) ???????????????????????
π
(
ν1 − 1 + L1
N1
δ1
)
rK1K2 (ν1 − 1) + π
(
ν1 + 1 +
L1
N1
δ1
)
rK1K2 (ν1 + 1)
= β sin
{
π
(
ν1 − 1 + L1
N1
δ1
)}
+ β sin
{
π
(
ν1 + 1 +
L1
N1
δ1
)}
= 2β sin
{
π
(
ν1 +
L1
N1
δ1
)}
cos(π)
= − 2β sin
{
π
(
ν1 +
L1
N1
δ1
)}
(3.27)
? (3.25) ????????????????????
β sin
{
π
(
ν1 +
L1
N1
δ1
)}
= π
(
ν1 +
L1
N1
δ1
)
rK1K2(ν1) (3.28)
? (3.27) ?? (3.28) ?????????????????????? L1N1 δ1 ???? PEF
???????????
L1
N1
δ1 =
rK1K2(ν1 − 1)− rK1K2(ν1 + 1)
rK1K2(ν1 − 1) + 2rK1K2(ν1) + rK1K2(ν1 + 1)
− ν1 (3.29)
????n1 ? n1 = ν1 ????????????? 3 ???????????
L2
N2
δ2 ????
????????????2 ????????????????? (δ1, δ2) ????????
???? α ???????????????
δ1 =
N1
L1
{
rK1K2(ν1 − 1)− rK1K2(ν1 + 1)
rK1K2(ν1 − 1) + 2rK1K2(ν1) + rK1K2(ν1 + 1)
− ν1
}
(3.30)
δ2 =
N2
L2
{
rK1K2(ν2 − 1)− rK1K2(ν2 + 1)
rK1K2(ν2 − 1) + 2rK1K2(ν2) + rK1K2(ν2 + 1)
− ν2
}
(3.31)
α =
π2
(
ν1 +
L1
N1
δ1
)(
ν2 +
L2
N2
δ2
)
rK1K2(ν1, ν2)
sin
{
π
(
ν1 +
L1
N1
δ1
)}
sin
{
π
(
ν2 +
L2
N2
δ2
)} (3.32)
3.4 ??????????????????????
??????????????????????????? [115] ???????????
??????????????????????????????????????????
??????????????????????????????????? p ?????
?????????? q′ ??????????????????????????????
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Layer
Layer
POC
LayerLayer
Layer
Layer
Layer
? 3.7 ???????????
???????? 1 ???????????????????????????p ??? q′
??????????????????????????????????????????
??????????????????????????? q ?????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????? q ???????????????????? 3.7 ?
????????????pl ??? ql ??? l ????????????????????
????????p0 = p, q0 = q′ ?????????????? 2 ???????????
I0(n1, n2) ????? J0(n1, n2) ????
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???????????
??? ?? I0(n1, n2) ????? J0(n1, n2)
?? I0(n1, n2) ??? p
??? ?? J0(n1, n2) ????? q
Step 1: l = 1, 2, · · · , lmax ?????? l ????? Il(n1, n2) ??? Jl(n1, n2)????
I0(n1, n2) ??? J0(n1, n2) ?????????????????????????
Il(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Il−1(2n1 + i1, 2n2 + i2) (3.33)
Jl(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Jl−1(2n1 + i1, 2n2 + i2) (3.34)
Step 2: ????? l = 1, 2, · · · , lmax ????????????? p0(= p) ??????
?????????? pl = (pl,1, pl,2) ???????????
pl = (pl,1, pl,2) =
(⌊
1
2
pl−1,1
⌋
,
⌊
1
2
pl−1,2
⌋)
(3.35)
Step 3: ????? l = lmax ?????????????????qlmax = plmax ?????
???l ← lmax − 1????
Step 4: ? l ????? Il(n1, n2) ??? Jl(n1, n2) ???????????? pl ???
2ql+1 ???????2 ??????????????fl(n1, n2) ??? gl(n1, n2)
??????
Step 5: ?????? fl(n1, n2) ? gl(n1, n2) ????????? POC ????????
???????????????POC ??????????3.2.2 ???????
?????????????????????????????? δl ??????
l ????????? ql ?????????
ql = 2ql+1 + δl (3.36)
Step 6: l ← l − 1 ????l > 0 ??? Step 4 ?? Step 6 ?????????????
?????????????????? q′ = q0 ??????
? 3 ? ??????????????????????? 52
Step 7: ??? I0(n1, n2) ??? J0(n1, n2) ???????????? p0 ??? q′ ??
???????2 ???????? f0(n1, n2) ??? g′0(n1, n2) ????????
????????????? PEF ?????????????????????
δsubpixel = (δ1, δ2) ??????????????????? α ?????????
|δ1| , |δ2| < 1????????????????? q ??????????
q = q′ + δsubpixel (3.37)
????????????? α ???????????????????????
?????????????????????????????????Step 2 ?
? Step 7 ?????????????????????????????
???? (l = 0) ???????????? Dmax ??????? lmax ?????
Dmax/2
lmax ???????????????????????????????????
?????????????????????????? N1 × N2 ??????POC ?
??????????????????? (±N1/2,±N2/2) ???*3?????????
???????????? Dmax ?????????????????????????
N/2 ≥ Dmax/2lmax ?????????????????????????????????
???????? qlmax  plmax????????? 0??????????????????
?????
3.5 ????????????????
?????????????????????????????????????????
??????????????????????????????????????????
? POC ??????????????????????????????3.2.2 ?? 3.3 ?
??????????????????????????????????????????
*3 ??????????????? (±N1/2,±N2/2) ?????????????????????????
???????????????(±N1/4,±N2/4) ??????????????????
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??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????
??????????????????????????? 3.8 ???????3 ????
?????????????????????????????????????????
?????? I0(n1, n2) ??????? J0(n1, n2) ??????????????????
???????????????????????????
Step 1: l = 1, 2 ?????? l ????? Il(n1, n2) ??? Jl(n1, n2)???? I0(n1, n2)
??? J0(n1, n2) ?????????????????????????
Il(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Il−1(2n1 + i1, 2n2 + i2) (3.38)
Jl(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Jl−1(2n1 + i1, 2n2 + i2) (3.39)
Step 2: ???????? p0 = (p0,1, p0,2) ???????? (l = 1) ??????????
????? p1 = (p1,1, p1,2) ???????????
p1 = (p1,1, p1,2) =
(⌊
1
2
p0,1
⌋
,
⌊
1
2
p0,2
⌋)
(3.40)
Step 3: ????? (l = 2) ???I2(n1, n2) ??? J2(n1, n2) ??????????
?????????????????????????????? δglobal =
(δglobal,1, δglobal,2) ??????
Step 4: ?????????I1(n1, n2) ??? J1(n1, n2) ??????? p1 ??? q1 =
p1 + 2δglobal ?????????2 ???????? f1(n1, n2) ??? g1(n1, n2)
? 3 ? ??????????????????????? 54
??????
Step 5: ?????? f1(n1, n2) ? g1(n1, n2) ????????????????????
????????????? f1(n1, n2) ??? g1(n1, n2) ????????????
??????????? δlocal ????
Step 6: ??????????I0(n1, n2) ??? J0(n1, n2) ??????? p0 ???
q0 = 2(q1 + δlocal) ?????????2 ???????? f0(n1, n2) ???
g0(n1, n2) ??????
Step 7: ?????? f0(n1, n2) ? g0(n1, n2) ????????????????????
?????? α ?????
???????????????????????????????????? Nref ??
????????????????????????????????????????i ?
? (i = 1, 2, · · · , Nref) ???????????????????????????????
? αi ??????????????? 2 ???????????
• Snum: ??????????????????? αi ???????????????
• Save: ??????????????????? αi ???
3.6 ???????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
???????????? 3.8 ???????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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BLPOC
BLPOC
BLPOC
Global Registration
Local Registration
Similarity Evaluation
Registered Image Input Image
? 3.8 ???????????????
??????????????????????????????????????????
????????????????? 1 ???????????????????????
??????????????????????????????????????????
“??????” ???????????????????????????????????
??????????????????????????????????????????
?????????????
3.6.1 ??????
? 3.9 ?????????????????????????????????????
??????????????????????????????????????????
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Phase
Amplitude
Symmetry
Property64 pixels
32
32
4,096 pixels
544 elements
Effective Bandwidth
64
 p
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el
s
? 3.9 ??????
????????????????????? θ(k1, k2) ?????????????????
θ(k1, k2) = −θ(−k1,−k2) (3.41)
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????? [−π, π] ?????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? 3.10 ????????????? 4–1
bit ????????????????????????????????????????
??????????????????????????????????????????
???????? 3.10 ???????????????????????????????
???????????????????????1 bit ????????????????
??????????????????????????????????????????
????????????????????????????
?????????????????????????????????????????
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? 3.10 ???????????????(a) ????(b) 4 bit ????(c) 3 bit
????(d) 2 bit ????(e) 1 bit ????(b)–(e) ?????????
??????????????????????????????????
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??????????????????????????????????????????
???????????????????????????
3.6.2 ???????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
? [11] ???????
????????? CCD ???????JAI CVM10?640 × 480 ?????????
256 ?????? VCL–16WM?????????????????? 3.11 (a) ?????
?????????????? 10 cm ??????????????????????? 70
cm ???? CCD ?????????????????????????????????
??????????0.05 mm ??????????? 50 ????????? 30 ????
?1 ?????????????????????????????????????? 30 ?
??????????????????????????????????????????
???????????????????????????? 32× 32 ?????64× 64 ?
????128× 128 ????????? 3.11 (b)?????????????????????
????? (i) ????????????????????????????? (ii) ????
????????????????????????(i) ????????????????
????????????????????????? δ1 [????] ??????????
????????50 ???????????????????????????? Δ [mm]
????????????? δ1 [????] ? 50 ???????????10 ???????
???????????????? 1 ?????????????????????????
???Δ ? δ1 ?????????? δ1 = κ ×Δ ??????????????????κ
??????? [????/mm]????????i ???????????????????
??? Δi [mm] ???????????????????? δ1,i [????] ???????
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(c)(b)
Camera
Wood cube
Micro stage
(a)
A B
C D
? 3.11 ???????????????(a) ???? [11]?(b) ????????
???????32×32????????64×64?????????128×128
??????(c) ?????????????
?????????????? εi [????] ??????
εi = δ1,i − κ×Δi (3.42)
???50???????????? RMS (Root Mean Square) ????????
εRMS =
√√√√ 1
50
50∑
i=1
ε2i (3.43)
(ii) ??????????????????????? i ????????????????
???? BLPOC ????????? αi ?????????????????? BLPOC
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?????????? αˆi ???αi ?????? αratio ????????
αratio =
1
50
50∑
i=1
αi
αˆi
(3.44)
??????????????????????????????????????????
????????? 3.11 (c)????????????BLPOC ?????????????
? L1/N1 = L2/N2 = 0.5 ????
?????????? εi ?? 3.12 ????????????? RMS ?? 3.12 ????
?????????2 bit ??????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????1 bit ?????????????????????????????????
???????????????????1 bit ????????????????????
??????????
???????? 3.13 ????????????????????????????? 3.2
?????????????????4 bit ??????????????????????
??????????????????????3 bit ????? 2 bit ? 1 bit ?????
????????????????????? 3.2 ???????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????
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w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
(a) (b) (c)
? 3.12 ?????????? εi ??????????? A????? B????
? C????? D ?????(a) ????? 32× 32 ?????(b) ???
?? 64× 64 ?????(c) ????? 128× 128 ????
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? 3.1 ??????????? RMS [????]
Center Quantization Level 32× 32 pixels 64× 64 pixels 128× 128 pixels
A
w/o 0.030 0.013 0.010
4 bit 0.034 0.015 0.010
3 bit 0.032 0.014 0.010
2 bit 0.030 0.015 0.012
1 bit 0.225 0.049 0.033
B
w/o 0.033 0.008 0.012
4 bit 0.033 0.008 0.012
3 bit 0.049 0.010 0.012
2 bit 0.024 0.021 0.013
1 bit 0.045 0.033 0.030
C
w/o 0.028 0.011 0.010
4 bit 0.027 0.010 0.011
3 bit 0.042 0.015 0.011
2 bit 0.052 0.025 0.011
1 bit 0.127 0.070 0.020
D
w/o 0.023 0.013 0.008
4 bit 0.028 0.014 0.008
3 bit 0.023 0.014 0.008
2 bit 0.025 0.013 0.010
1 bit 0.126 0.055 0.036
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1 bit quantization
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? 3.13 ?????? αi ??????????? A????? B????? C?
???? D ?????(a) ????? 32 × 32 ?????(b) ?????
64× 64 ?????(c) ????? 128× 128 ????
? 3 ? ??????????????????????? 64
? 3.2 ??????????? αratio
Center Quantization Level 32× 32 pixels 64× 64 pixels 128× 128 pixels
A
4 bit 0.997 0.993 0.993
3 bit 0.986 0.973 0.974
2 bit 0.895 0.909 0.903
1 bit 0.748 0.658 0.645
B
4 bit 0.992 0.994 0.993
3 bit 0.985 0.975 0.975
2 bit 0.881 0.900 0.908
1 bit 0.721 0.623 0.629
C
4 bit 0.997 0.996 0.993
3 bit 0.980 0.973 0.973
2 bit 0.908 0.909 0.909
1 bit 0.739 0.660 0.646
D
4 bit 0.986 0.995 0.993
3 bit 0.981 0.970 0.975
2 bit 0.872 0.906 0.902
1 bit 0.711 0.676 0.649
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Feature Extraction
Hierarchical Image
Generation
Reference Point
Placement
Registered Image
Matching score
Input Image
Hierarchical Image
Generation
Matching
in Each Layer
Matching Score
Calculation
Database
Enrollment Stage
Matching Stage
? 3.14 ??????????????????
3.6.3 ??????????????????
???????????????????????3.5 ????????????????
???????????????????????????????????? 3.14 ????
?????????????????????????????????????????
???????????? (I) ?????????????????? (II) ??????? 2
?????????????????????????????????
??????
??????????????????????????????????? 3.15 ???
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Hierarchical image Extracted features
? 3.15 ????????????????“•” ????????
???????????????????? 3.15 ???????????????????
??????????????????????????????????????????
???(i) ???????(ii) ????????????????(iii) ?????????? 3
?????????????????????????????????????
(i) ??????
???????????????????????????????????????
????? 3.15?????????????????????????????????
???????? Nref ????????? 1 ????????? p = (p1, p2) (= p0)
????
(ii) ???????????????
l = 1, 2 ?????? l ??????? Il(n1, n2) ?????????
Il(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Il−1(2n1 + i1, 2n2 + i2) (3.45)
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???? 1 ???????????? p0 ?????? p1 = (p1,1, p1,2) ??????
?????
p1 =
(⌊
1
2
p0,1
⌋
,
⌊
1
2
p0,2
⌋)
(3.46)
(iii) ?????????
???????????????????????????????????????
???????????????????????????????????????
???? p1 ??? p0 ?????? I1 ??? I0 ?? w1×w2 ??????????
???????????????????????????????????????
???????????????????????????????????????
???????
??????
????????(i) ???????????????(ii) ??????????????
??(iii) ???????????????(iv) ???????????(v) ????????
5 ?????????????? 3.16 ??? 3.16 ???????????????????
????????????????????????????
(i) ??????????????
l = 1, 2 ?????? l ??????? Jl(n1, n2) ?????????
Jl(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
Jl−1(2n1 + i1, 2n2 + i2) (3.47)
(ii) ???????????????
??????????????????????I2 ? J2 ?????????????
??????????δglobal = (δglobal,1, δglobal,2) ????
(iii) ??????????????
??????I1 ??? J1 ??????????????????????????
??q1 = p1 + 2δglobal ???????J1 ?? w1 × w2 ?????????????
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Input image
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0.5
0.1
Registered data
BLPOC
BLPOC
BLPOC
? 3.16 ? 3.15 ?????????????????????
???????????????????????????????????????
???? δlocal ??????
(iv) ??????????
????????????????????????q0 = 2(q1+δlocal) ???????
J0 ?? w1 × w2 ???????????????????????????????
???????????????????????? α ?????
(v) ???????
I0 ?????????????????????????Nref ??????????
???????? I ????? J ???????????????????????
?????????????????????????i ?????????????
? 3 ? ??????????????????????? 69
???????? αi (i = 1, 2, · · · , Nref) ??????
1 ???????αi ?????? th ????????????? Nth ??????
???????????? Snum ????????
Snum =
Nth
Nref
(3.48)
2 ???????αi ????????????????????? Save ?????
???
Save =
∑Nref
i=1 αi
Nref
(3.49)
3.7 ???
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????????????
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? 4?
????????????????
??
4.1 ????
????????????????????? 3 ???????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????
4.2 ????????????
?????????????????PolyU Palmprint Database [122] ? CASIA Palm-
print Image Database [123] ?????PolyU Palmprint Database ???386 ??????
?????? 7,752 ?????????????????????????????????
??????????????????????????????????????????
???????????? 4.1 ? PolyU Palmprint Database ?????????????
???????????????????????Zhang ???? [8] ?????????
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????????????????????ROC ????? EER ???????????
???????? 74,068???? 29,968,808 ????CASIA Palmprint Image Database
???301 ???????????????? 5,239 ?????????????????
??????????????????????????????????????????
?????????????????????PolyU Palmprint Database ????????
????????????? 4.2 ??CASIA Palmprint Image Database ????????
????????????????????????????Zhang ???? [8] ?????
??????????????????????????????????????????
??????????????????????????????????????????
????????PolyU Palmprint Database ????????????????????
????????????ROC ????? EER ???????????????????
20,584???? 13,700,357 ??????????????????2 ??????????
??????????? w1 = w2 = 48?(K1/M1, K2/M2) = (0.5, 0.5)?Nref = 100?? 4.3?
????
??????????????????????Competitive Code (CompCode) [94]?
Ordinal Code (OrdiCode) [95]?Sparse Multiscale Competitive Code (SMCC) [41] ???
????????????? 4.1 ???????????? EER ????????????
??????????????????? [41] ????????????????????
????????????????????????????????????????EER
?? 1/10 ?????????????????????????????????????
??????????????????????????????????????? 4.4 ?
??? 4.6 ? Snum ???????????????????? 4.5 ???? 4.7 ? Save ?
????????????????? ROC ??????? 4.1 ???? 4.4–4.7?????
?????1 bit ??????????????????????1 bit ??????????
??????????????????????????????????????????
?????
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? 4.1 PolyU Palmprint Database ?????????????????????
??????
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? 4.2 CASIA Palmprint Image Database ?????????????????
??????????
? 4 ? ?????????????????? 74
160 pixels
16
0 
pi
xe
ls
? 4.3 ?????????????
? 4.1 ???????????????? EER [%]
Algorithm PolyU CASIA
CompCode [41] 0.038 0.55
Ordinal Code [41] 0.104 0.84
SMCC [41] 0.014 0.48
Proposed
Snum
w/o quantization 0 0.061
4 bit quantization 0.000 0.055
3 bit quantization 0.000 0.051
2 bit quantization 0.001 0.069
1 bit quantization 0.050 0.231
Save
w/o quantization 0.000 0.072
4 bit quantization 0.000 0.071
3 bit quantization 0.000 0.069
2 bit quantization 0.001 0.076
1 bit quantization 0.067 0.279
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4 bit quantization
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? 4.5 PolyU Palmprint Database ????????? ROC ?? (Save)
? 4 ? ?????????????????? 76
w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
0
0
0.05
0.05
0.1
0.1
0.15
0.15
0.2
0.2
0.25
0.25
0.3
0.3
0.35
0.35
0.4
0.4
0.45
0.45
0.5
0.5
False Accept Rate [%]
Fa
ls
e 
R
ej
ec
t R
at
e 
[%
]
? 4.6 CASIA Palmprint Database ????????? ROC ?? (Snum)
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? 4.7 CASIA Palmprint Database ????????? ROC ?? (Save)
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4.3 ??????????????
???????????????????PolyU FKP Database [46] ?????PolyU
FKP Database ???165 ???????????????????? 7,920 ??????
????????????????????165× 4 = 660 ??????????? 2 ???
??? 6 ???????????????????1 ???????? 6 ???????2 ?
??????? 6 ??????????????????????????????????
660× 6× 6 = 23, 760?????? 660× 659× 6× 6 = 15, 657, 840 ???????????
EER ??? ROC ??????1 ? 1 ???????????PolyU FKP Database ???
?? [45] ??????????????????????????????????????
??????????????????????????????????????????
????????? 4.8??PolyU FKP Database???????????????????
????????????????w1 = w2 = 48??????? (K1/M1, K2/M2) = (1, 1)?
???????????? (K1/M1, K2/M2) = (0.5, 0.5)?Nref = 90?? 4.9??????
??????Competitive Code (CompCode) [45]?Local-Global Information Combination
(LGIC) [50]?LGIC2 [52]?Speeded Up Robust Features (SURF) [49]?SIFT + SURF [49]
???????????????? 4.2 ???????????? EER ?????????
?????????????????????? 4.2 ?????????????????
?????????????????????????? Snum ??2 ?????????
???? LGIC?LGIC2???? SIFT + SURF ???????????????????
??????????????????????????????????????????
? 4.10 ? Snum ???????????????????? 4.11 ? Save ???????
??????????? ROC ??????? 4.2 ???? 4.10, 4.11 ???1 bit ????
????????????????????????
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? 4.8 PolyU FKP Database ????????????????????????
???
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220 pixels
11
0 
pi
xe
ls
? 4.9 ???????????????
? 4.2 ?????????????????? EER [%]
Algorithm PolyU
CompCode [50] 1.676
LGIC [50] 0.402
LGIC2 [52] 0.358
SURF [49] 0.317
SIFT + SURF [49] 0.215
Proposed
Snum
w/o quantization 0.152
4 bit quantization 0.146
3 bit quantization 0.170
2 bit quantization 0.211
1 bit quantization 0.901
Save
w/o quantization 0.247
4 bit quantization 0.238
3 bit quantization 0.241
2 bit quantization 0.297
1 bit quantization 1.161
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? 4.11 PolyU FKP Database ????????? ROC ?? (Save)
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4.4 ????????????????????
4.2, 4.3 ?????????????????????????????????????
??????????????????????????????????????????
? 2 ???????????????????????????
4.4.1 ????????????
??????????CASIA Iris Database ver 1.0 [124]??? Iris Challenge Evaluation
(ICE) 2005 Database [125] ? 2 ?????????????CASIA Iris Database ver 1.0
???108 ?????? 7 ???????????? 756 ????????????????
??Miyazawa ???? [15] ?????????????????????????????
?????????????? 108×7C2 = 2, 268?????? 108C2×7×7 = 283, 122??
??????????????????????????????????????????
??????????????????????????????????????????
??????????????(I) ??????????????(II) ???????????
?????p ??? ql (l = 0, 1) ???????????????????????????
??? 2 ??????????? 4.12 ??CASIA Iris Database ver. 1.0 ????????
??????????????????????????????????????????
??????????w1 = 64?w2 = 32?????? (K1/M1, K2/M2) = (0.5, 0.5)????
??? (K1/M1, K2/M2) = (0.5, 0.25)?Nref = 112?? 4.14?????ICE 2005 Database
???124 ?????????? 1,425 ????????120 ?????????? 1,528 ?
??????????????ICE 2005??????????????????? (National
Institute of Standards and Technology: NIST) ???????????????????
???????????????????? 2 ???????????????????1 ?
????????????????? Experiment 1??? 1 ??????????????
??? Experiment 2 ????CASIA Iris Database ver. 1.0 ????Miyazawa ?????
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??????????????????????????????????????????
???????Experiment 1 ??????? 12,214?????? 1,002,386?Experiment
2 ??????? 14,653?????? 1,151,975 ????? 4.13 ? ICE 2005 Database ?
???????????????????????????????????CASIA Iris
Database ver. 1.0 ?????????????????????BLPOC ???????
??????CASIA Iris Database ver. 1.0 ?????????????????????
??????w1 = 64?w2 = 32?????? (K1/M1, K2/M2) = (0.5, 0.5)???????
(K1/M1, K2/M2) = (0.4, 0.2)?Nref = 112?? 4.14?????
??????????Ordinal Code [96]?????????????????????
(BLPOC) [15] ???????? 4.3 ?????????? EER ?????????? [96]
??????????????????????????????????????????
?????? [96] ??????????????????????????????????
??????????????Ordinal Code ??????????????BLPOC ???
??? 4.3 ???????????????????????????CASIA ver. 1.0 ???
? EER ?????????Snum ???????????????????? BLPOC ??
???????????????????????ICE 2005 ???BLPOC (with averaging)
????? EER ?? 2 ????????????BLPOC (with averaging) ??ICE 2005
??????????????????????????????????????????
??????????? 4.15 ???? 4.17 ????????????? Snum ?????
??????? 4.16 ???? 4.18 ????????????? Save ??????????
ROC ???????????????????????????????????????
??????????????????????????????????????????
??????????????????
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? 4.12 CASIA Iris Database ver. 1.0 ????????????????????
?????????????????
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? 4.13 ICE 2005 Database ????????????????????????
?????????????
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256 pixels
12
8 
pi
xe
ls
? 4.14 ??????????????“×” ?????????????????
??????????
? 4.3 ???????????????? EER [%]
Algorithm CASIA
ICE
Experiment 1 Experiment 2
Ordinal Code 1.096 0.764 1.272
BLPOC (baseline) [15] 0.0032 2.08 5.07
BLPOC (with averaging) [15] 0.0099 0.33 1.21
Proposed
Snum
w/o quantization 0.0009 0.685 2.251
4 bit quantization 0.0009 0.677 2.241
3 bit quantization 0.0012 0.720 2.243
2 bit quantization 0.0097 0.767 2.578
1 bit quantization 0.1087 4.051 7.036
Save
w/o quantization 0.0223 0.713 2.192
4 bit quantization 0.0092 0.729 2.275
3 bit quantization 0.0145 0.765 2.309
2 bit quantization 0.0427 0.871 2.715
1 bit quantization 0.1588 4.460 7.249
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ment 1?(b) Experiment 2
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? 4.18 ICE 2005 Database????????? ROC?? (Save)?(a) Experiment
1?(b) Experiment 2
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4.4.2 ???????????
????????????CSU Face Identiﬁcation Evaluation System [126] ??????
?????????? Facial Recognition Technology (FERET) [68] ??????????
??FERET ???1,196 ??????? 3,541 ??????????????? 4.19 ??
FERET ???????????????????????????????????CSU
Face Identiﬁcation Evaluation System ?????????FERET ??????????
fa?1,196 ???fb?1,195 ???fc?194 ???dup1?722 ???dup2?234 ???????????
??????fa–fb (fafb)?fa–fc (fafc)?fa–dup1 (dup1)?fa–dup2 (dup2) ? 4 ???????
??Cumulative Match Characteristic (CMC) ?????? 1 ? N ???????????
???????????????????w1 = w2 = 32?(K1/M1, K2/M2) = (0.5, 0.5)?
Nref = 127?? 4.20?????
??????SIFT [104] ??? LBP [97]??????????????????????
???????? 4.4 ?????????? Rank 1 ??????????????????
??? 4.4 ?????????????????????????????????????
??????????????????????????????????????????
??? 4.21 ?????????????? Snum ???????????? 4.22 ?????
????????? Save ?????????? CMC ?????????????????
??????????????????????????????????????????
????2 bit ????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
?????????????ICE 2005 ????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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? 4.19 FERET ???????????????????????????
? 4 ? ?????????????????? 90
130 pixels
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pi
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? 4.20 ????????????
? 4.4 FERET ???? Rank 1 ???? [%]
Algorithm fafb fafc dup1 dup2
SIFT [104] 97 47 61 53
LBP (nonweighted) [97] 93 51 61 50
LBP (weighted) [97] 97 79 66 64
Proposed
Snum
w/o quantization 99.6 99.5 91.4 93.2
4 bit quantization 98.6 99.0 91.1 92.3
3 bit quantization 99.6 100 91.3 93.2
2 bit quantization 99.5 98.5 90.6 91.5
1 bit quantization 99.2 89.7 83.7 83.8
Save
w/o quantization 99.5 99.5 90.6 92.3
4 bit quantization 99.5 98.5 90.9 92.3
3 bit quantization 99.6 99.5 90.9 91.5
2 bit quantization 99.5 98.5 90.2 90.6
1 bit quantization 99.0 89.2 82.8 83.8
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? 4.21 FERET ????????? CMC ?? (Snum)?(a) fafb?(b) fafc?
(c) dup1?(d) dup2
? 4 ? ?????????????????? 92
 
(b)(a)
(d)(c)
5 10 15 20 25 30 35 40 45 501
98
100
96
94
92
90
88
86
84
82
80
Rank
R
ec
og
ni
tio
n 
R
at
e 
[%
]
w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
5 10 15 20 25 30 35 40 45 501
98
100
96
94
92
90
88
86
84
82
80
Rank
R
ec
og
ni
tio
n 
R
at
e 
[%
]
w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
5 10 15 20 25 30 35 40 45 501
98
100
96
94
92
90
88
86
84
82
80
Rank
R
ec
og
ni
tio
n 
R
at
e 
[%
]
w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
5 10 15 20 25 30 35 40 45 501
98
100
96
94
92
90
88
86
84
82
80
Rank
R
ec
og
ni
tio
n 
R
at
e 
[%
]
w/o quantization
4 bit quantization
3 bit quantization
2 bit quantization
1 bit quantization
? 4.22 FERET????????? CMC?? (Save)?(a) fafb?(b) fafc?(c) dup1?
(d) dup2
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4.5 ???????????????????
?????????????????????????????????????????
????????????????????????
? 4.5 ??????????????????????????????????????
??????????????????????????? Intel Xeon X5690 (3.46 GHz)
?? Matlab 8.3.0 ??????????????? 4.5 ???? “Image” ??????
???8 bit ????????????????????????????????????
?????? 1 bit ????????????????????????? 9 bit ?????
?????“Image” ????????????????????????????? 4.5 ?
???????? 1/3 ????????????????????????????????
? 1 ? N ?????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????3 bit ??????????
??2 bit ???????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????CASIA Palmprint
Image Database ??????????????????????????????? 4.23
?????????????????EER ??????????????????????
??????????4.2 ????????????1 bit ????????????????
??????????????????????????????? 1 ??? 2 ?????
??????????
????????????????????????????????EER???????
??? 4.6, 4.7 ????Snum ? Save ????????????????????????
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? 4.5 ?????????????????
Image
Phase Quantization Level
w/o 4 bit 3 bit 2 bit 1 bit
PolyU
Palmprint
Data Size [KB] 25.0 489.2 30.6 22.9 15.3 7.6
Time
[ms]
Enrollment 0 87.7 122.5 121.7 119.7 118.7
Matching 254.3 166.6 166.7 166.9 167.2 167.8
CASIA
Palmprint
Data Size [KB] 25.0 489.2 30.6 22.9 15.3 7.6
Time
[ms]
Enrollment 0 86.8 121.0 121.9 119.8 118.9
Matching 252.3 165.5 166.3 166.7 167.0 167.3
PolyU
FKP
Data Size [KB] 23.6 444.7 27.8 20.8 13.9 6.9
Time
[ms]
Enrollment 0 81.0 109.1 110.1 108.6 107.5
Matching 230.1 149.1 149.7 150.7 150.9 151.4
CASIA
Iris
Data Size [KB] 36.0 357.0 22.3 16.7 11.2 5.6
Time
[ms]
Enrollment 0 101.2 126.5 125.2 125.2 123.9
Matching 276.0 174.8 174.3 172.5 172.8 173.4
ICE 2005
Data Size [KB] 36.0 306.2 19.1 14.4 9.6 4.8
Time
[ms]
Enrollment 0 93.4 116.9 115.6 114.8 113.7
Matching 259.5 166.1 166.8 166.4 168.5 167.0
FERET
Data Size [KB] 19.0 287.0 17.9 13.5 9.0 4.5
Time
[ms]
Enrollment 0 86.8 105.6 105.2 104.4 103.9
Matching 258.7 171.9 173.5 174.2 174.6 174.8
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? 4.23 ????????????????
??????????????????Snum ?????????????????????
????? 4.5 ??????????????????????????????????
????? 4.6, 4.7 ????????????????????? 36 ??????????
???????????????Snum ? Save ????????????????? Snum
????????????4 ?? 9 ?????????????????? Save ????
???1 bit ???? 2 bit ????????????????????????? 1 bit ?
Nref = 100 ?????2 bit ? Nref = 49 ???????????????????????
?????????????????2 bit ??????????????????????
?????????2 bit ??????????????????????????????
??????????????????????????????????
4.6 ???
????????????????????????????? 3 ??????????
??????????????????????????????????????????
??????????????????????????????????????????
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? 4.6 ????????????? EER ????????1 bit ????
# of points Data Size [KB]
EER [%] Computation Time [ms]
Snum Save Enrollment Matching
100 7.6 0.231 0.279 118.9 167.3
81 6.2 0.294 0.336 96.6 134.9
64 4.9 0.287 0.337 77.5 107.8
49 3.8 0.331 0.341 59.9 83.3
36 2.8 0.337 0.369 44.9 62.0
25 1.9 0.661 0.571 32.2 44.0
16 1.2 0.664 0.609 21.6 29.2
9 0.7 2.161 1.654 13.9 17.7
4 0.3 5.109 4.084 8.3 9.5
? 4.7 ????????????? EER ????????2 bit ????
# of points Data Size [KB]
EER [%] Computation Time [ms]
Snum Save Enrollment Matching
100 15.3 0.069 0.076 119.8 167.0
81 12.4 0.063 0.073 97.9 135.7
64 9.8 0.068 0.088 77.5 108.4
49 7.5 0.067 0.084 60.5 83.3
36 5.5 0.070 0.081 45.0 62.1
25 3.9 0.092 0.122 32.5 44.3
16 2.5 0.107 0.121 22.0 29.3
9 1.4 0.302 0.278 14.1 17.9
4 0.7 0.770 0.554 8.2 9.7
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??????????????????????????????????????????
?????????????????????????????????????????
????
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? 5?
????????????
5.1 ????
???????????????????????????? 3 ????????????
???????????????????? 2 ?????????????????????
??????????????????????????
1 ?????????????????????????????????????????
??????????????? 1 ??????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
2 ????????????????????????????????????????
???????????????????????????? 2 ?????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????
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5.2 ????????????????
?????????????????????? 1 ??????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????? 1 ??????
??????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? [127] ????????–????
??????????????????????????????? [127] ???????
??????????????????????????????????????????
? [26]??????????????????????????????????? 3 ???
??????????????????????????????????????????
?????????????????????????????????????
5.2.1 ?????????
?????????????????????????????????? (Region Of
Interest: ROI) ??????????????????????????(i) ????????
???(ii) 2 ?????????????????(iii) ??????????(iv) ROI ??
? 4 ?????????????? 5.1 ???????????????????????
??????????????????????????????? 5.1 (a) ???????
• ???????????
• ??????????????
? 5 ? ???????????? 100
??? 2 ??????????????????????????????????????
??????? 640× 480 ????????
(i) ??????????
?????????????????–??????????–?????????????
?????????????????????????????????????????
??????????? 5.1 (a)??????????????
fr1(n1, n2) = fr(n1 + 320, n2) (5.1)
fg1(n1, n2) = fg(n1 + 320, n2) (5.2)
fb1(n1, n2) = fb(n1 + 320, n2) (5.3)
????fr?fg?fb ??????? R?G?B ???????????fr1?fg1?fb1 ????
??????? R?G?B ???????????
????????????2 ?? 1 ?????????????
fr2(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
fr1(2n1 + i1, 2n2 + i2) (5.4)
fg2(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
fg1(2n1 + i1, 2n2 + i2) (5.5)
fb2(n1, n2) =
1
4
1∑
i1=0
1∑
i2=0
fb1(2n1 + i1, 2n2 + i2) (5.6)
?????????????????????????????????????? 5.1 (b)?
??????160× 240 ????????
(ii) 2 ????????????????
??????????????????????????? 1?????? 0 ??? 2 ?
?????????????????????????? 5.1 (c)?????????????
????????????????????????????????
???????????RGB ???????????????RGB ??????????
??????????????????????????????????????????
HSV ??????????????HSV ??????? (Hue: H)??? (Saturation: S)?
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? 5.1 ?????????(a) ????(b) ????????????(c) 2 ???
???????(d) ???????????????(e) ?????????
???(f) ??????
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?? (Value: V) ? 3 ?????????HSV ???????????????? 1 ???
????????????????????????????????RGB ????? HSV
?????????????
fh(n1, n2) =
⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩
1
3
(
f ′b2(n1, n2)− f ′g2(n1, n2)
)
(if Vmax(n1, n2) = fr2(n1, n2))
1
3
(
1 + f ′r2(n1, n2)− f ′b2(n1, n2)
)
(if Vmax(n1, n2) = fg2(n1, n2))
1
3
(
2 + f ′g2(n1, n2)− f ′r2(n1, n2)
)
(if Vmax(n1, n2) = fb2(n1, n2))
(5.7)
fs(n1, n2) =
Vmax(n1, n2)− Vmin(n1, n2)
Vmax(n1, n2)
(5.8)
fv(n1, n2) = Vmax(n1, n2) (5.9)
????
Vmax(n1, n2) = max {fr2(n1, n2), fg2(n1, n2), fg2(n1, n2)}
Vmin(n1, n2) = min {fr2(n1, n2), fg2(n1, n2), fg2(n1, n2)}
f ′r2(n1, n2) =
Vmax(n1, n2)− fr2(n1, n2)
Vmax(n1, n2)− Vmin(n1, n2)
f ′g2(n1, n2) =
Vmax(n1, n2)− fg2(n1, n2)
Vmax(n1, n2)− Vmin(n1, n2)
f ′b2(n1, n2) =
Vmax(n1, n2)− fb2(n1, n2)
Vmax(n1, n2)− Vmin(n1, n2)
????????fh?fs?fv ????????? H?S?V ??????????????
fh(n1, n2) < 0 ?????fh(n1, n2) ? 1 ??????????HSV ??????????
????????
???H ???????????????2 ???????????H ?????????
??????????????????????????????????????????
??H ???????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???
????H ????????? S ??????????????????????????
?????????????????????????? 5.2 (a)?????????????
? 5 ? ???????????? 103
?????????? 5.2 (b)???????????????????? H ???????
S ????? 2 ????????????? 5.3 (a)???????????????????
???? 5.3 (b) ??????????????????????????????????
??????? 5.3 (c) ?????? 2 ????? B ??????????????????
??? (n1, n2) ? H ??????? S ?????? h = fh(n1, n2) ??? s = fs(n1, n2)
????? B ?? 1????????
B (s, h) = 1 (5.10)
????????????????????????? 5.3 (d) ?????????????
??????????????????????????????????????????
?????? 373 ?????????????
??????? B ????????????????????????????????
??????????????????????????????????????????
????????????????????????????? [128] ??????????
??????????????????????2 ???????????????????
??????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
??????????? 1 ??????????????????????????????
??????????????????????????????????????????
???????????????????????? 2 ?????????????????
????????????????????????????????????????? B
??????????????????????????????????????????
?????????????????? 4 ???????H ??????? S ??????
???????????????????????????????????????? 0 ?
? 1 ??????????????????H ??????? S ????????????
0.02 ??? 0.06 ????? 5.4 ????????????
? 5 ? ???????????? 104
(a) (b)
? 5.2 ???????????(a) ????(b) ?????
 
 
0
100
200
300
400
500
600
700
800
900
(a) (b)
(c) (d)
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(g)
(b) (c) (d)
(e) (f)
(a)
? 5.4 ????????(a) ????(b) ???????(c)–(g) ?????
? 5.5 ??H ???????????????? B ?????????????????
?????? B ??????????????????????????????????
? 2 ???????????????????????????????? B ??????
????????????????????????????????????? 2 ????
???????????????????????????????????? 2 ?????
??????????????????????????????????????????
???????????????????????????????????????
(iii) ?????????
2 ????????????????????????????????????????
???? 5.1 (c) ??????????????????????????????????
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(a) (b) (c) (d)
? 5.5 ?????? 2 ??????(a) ????(b) H ?????????????
(c) ??? B ????????????????????(d) ??? B ?
?????????????????????
? 5 ? ???????????? 107
???????????? 5.1 (d) ???????????????? [38]?
?????????????????????????????????????????
?????????????????????????????–???????–?????
??????????????????????????????????????????
??????????????????????????????????????????
????????????? 5.6 (b)?????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????–?????–?????–?????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????–???????–???
???????????????????????????????????–??????
?????????????????????3 ????????????????????
????????????????
????????????????????????????? 5.6 (c)????????
??????? Nvalley ? Nvalley < 3 ????????????????????????
?????????????????????????????????????????
??Nvalley ≥ 3 ??????? 3 ?????????????? 5.6 (d)?????????
?????????? NvalleyC3 ??????????
??????????????3 ???????????? 5.7 ???????? 1 ???
?–???? 2 ???–???? 3 ???–???????????????????? 1 ??
2 ???????? v12?? 1 ?? 3 ???????? v13?? 2 ?? 3 ????????
v23?v12 ??????????? φ1 ?v13 ??????????? φ2 ?????????
?????????? 3 ???????????????????????? 2 ?????
????
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1 (Index-Middle) 
2 (Middle-Ring)
3 (Ring-Little)
? 5.7 ??????????????
(1) 3 ?????????????
?????????v12 ? v13 ?????????????????????????
???????v13 ??????????????????????????????
???????
− π
36
≤ (φ1 − φ2) ≤ π
6
(5.11)
|φ2| ≤ π
4
(5.12)
??????????? 3 ????????????????????
(2) ????????????????
??????????????????????????????????? 3 ???
???????????????????????????????????????
????????? ∣∣∣∣1− ‖v23‖‖v12‖
∣∣∣∣ (5.13)
?????????????????????????????????–?????
??–?????????????????
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(iv) ???????
????????????????????????????????????????
???????????????????????????????? 5.1 (e)??????
??? 160 × 160 ????????????????????????????????
?? 5.1 (f)?????????????????????????????????????
?????????????????????????????????????? [8]?
5.2.2 ????????
??????????????????????? 3 ?????????????????
??????????????????????????????????????????
??????????????????????????????????????
5.2.1 ??????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????? 5.8 (a), (b) ??
??????????????????????????????????????????
??????????????????????????????????????????
????????????? 5.8 (c), (d)?????????????(i) ?????????
???????????(ii) ??????????? 2 ?????????????????
???????????????????
(i) ??????????????????
???? 5.9 (a) ????????????? 16 ??????????3.4 ???????
???????? 5.9 (b)???????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????? 5.9 (d)??
(ii) ????????
?????????????????????????????????????????
? 5 ? ???????????? 111
(a)
(c)
(b)
(d)
? 5.8 ???????????????(a) ?????????????????
(b) ?????????????????(c) (a) ????????????
?????(d) (b) ??????????????????????????
??????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????
???????????????????????? 96× 96 ?????????32× 32
? 5 ? ???????????? 112
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(a) (b)
(c) (d)
(e) (f)
? 5.9 ???????(a) ??????????????????????(b) ?
????????(a)?(b) ???? “∗” ?????????????????
(c) ??????????????????????????????(d)
????????????????????????(c)?(d) ??????
?????????????????????????????(e) 1 ???
??????????????????????(f) ??????????
????
? 5 ? ???????????? 113
????? 9 ??????????????? 5.9 (c), (d) ???????????????
??????????????????????????????????????????
?????????????????????????????????????? 5.9 (d)
???????????????????????? rK1K2(n1, n2) ?????9 ?????
??????????????????????????????????????????
???? r¯K1K2(n1, n2) ???????????????????????
????? (i), (ii) ????????????????????????????????
??????????????????????????????????????????
?????????????? 9 ???????????????????????????
???????????????
5.2.3 ????
?????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????????
?????????????? 5.10 ?????????????????????????
????????????????30??????????10 ??? 2 ?????????
??? 600 ??30? × 20?????????????????????????????
???????HTC ?? Android Dev Phone 2 ???????????????????
??????2 ??????
(a) ?????????????????
(b) ?????
? 2 ???????????????????????????????? 3 ??????
• ?????????????????????
? 5 ? ???????????? 114
? 5.10 ??????????????????????
• ??????????????????????????????????
• ????????????????????
? 5.11 ??????????????????????????? 5.1 ????????
??????????????????????????????????????????
??????????600????????????? 5.11 ????????????? 2
??????????????????????????????????????????
???(a) ???????? (b) ???????????????????????????
??????????????????????????????????????????
?? 2 ????????1 ??????????????????????????????
?????????????????????????????????? 5.11 ??? 2 ?
????????????????????? 2 ???????????????????
??????????????????????????????????????????
????????????? 1 ???????????????????????????
? 5 ? ???????????? 115
? 5.1 ?????????
Method # of Extracted ROIs # of Correct ROIs Stability
(a) 556 (92.7%) 483 (80.5%) 86.9%
(b) 559 (93.2%) 520 (86.7%) 93.0%
??????????????????????????????????????????
??????????????????????????????????????????
????? 5.11 ???????????????????????????????????
????????????????????????????????????????
???????????? 520 ???????????????????????????
EER ??? ROC ???????????????????????????? 4,346??
????? 130,594 ????5.2.2 ?????????????????????????
Competitive Code [94] ??? Ordinal Code [95] ???????????????? 5.12
????????? ROC ??? EER ????????????????????????
??????????????????????????????????????
????????? C++ ? Android ?????????????????????
????????????????????? HTC ?? Nexus One (CPU: Qualcomm
Snapdragon QSD8250 (1 GHz), RAM: 512 MB, OS: Android 2.3.4) ??????????
??????? 0.6 ????????? 0.4 ???????????????????????
?????????????????????????????????????????
5.3 ???????????????????
??? 2 ?????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
? 5 ? ???????????? 116
: (a) : (b)
? 5.11 ????????????????????????(a) ????????
????(b) ?????????????????????
? 5 ? ???????????? 117
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Competitive Code
Ordinal Code
Proposed
EER = 8.17 [%]
EER = 4.07 [%]
EER = 8.41 [%]
? 5.12 ?????????????????????? ROC ??
????1 ?????????????????????????????????????
??????????????????????????????????????????
???????????
? 5.13 ???????????????????????????? (Image acquisition)
?????? (Image processing) ????????????????????? (Near-
InfraRed: NIR) ???????????????????????????????????
??????????????????????????? (Region Of Interest: ROI) ??
??????????????????????????????????????? 5.14
???????????????????????
????????????????????????????NIR ???????NIR ?
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????NIR ????????????????????
? 5 ? ???????????? 118
ROI extraction
ROI matching
Input image
Database
NIR light source
Camera
Door handleGenuine/Impostor
ROI image
Image acquisitionImage processing
? 5.13 ??????????????????????
Door Handle
Camera
NIR Light Source
Camera
     PointGrey GRAS-14S5M-C
     (Image size: 1,280?960 pixels)
Lens
     SPACECOM JHF8M-MP
     (Focal length: 8mm)
NIR light source
????? -tron MDR-90/50IR-850
     (Wavelength: 850nm (peak))
? 5.14 ?????????????
??????????????????????????????????????????
??NIR ??????????????????????????????????????
??????????????????????????????????????????
???????????????????
?????????????????????????????????????????
? 5 ? ???????????? 119
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????
????????3.5 ?????????????????? ROI ???????????
??????????????????????????????????????????
??????????????????????????????????????????
5.3.1 ?????????
?????????? (Region Of Interest: ROI) ??????????????????
????????(i) ???????(ii) ????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????? 1, 280× 980 ????????????????????? 880× 660 ??
?????????????????????????????????? 640× 480 ???
?????????????????????????????????
(i) ??????
????????????????????????????? 5.15 (a) ???????
f(n1, n2) ????????1 ≤ n1 ≤ 640, 1 ≤ n2 ≤ 480 ???????f(n1, n2) ????
??????????? fs(n1, n2) ??????? 5.15 (b)??????fs(n1, n2) ????
??????????????? f ′s(n1, n2) ??????
f ′s(n1, n2) = fs(n1 + 5, n2 + (b− 16))|1≤n1≤630, 1≤n2≤30 (5.14)
????b ?????????????????????????????????????
??????????????????????????????????????????
? 5 ? ???????????? 120
(a) (b)
(c)
(d)
(f) (g)
(h)
(e)
5 10 15 20 25 30 35 40
0
100
200
300
400
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0 50 100 150
? 5.15 ???????(a) ??? f(n1, n2)?(b) ????????? fs(n1, n2)?
(c)?????????? f ′s(n1, n2)?(d)??????????? C(m1)?
(e) ?????????(f) ???????? fi(n1, n2)?(g) ??????
????? Pi(n2)?(h) ???????
? 5 ? ???????????? 121
????????????????b ???????????? b = 241 ?????????
? f ′s(n1, n2) ?? 5.15 (c)???????630× 30 ????????
???f ′s(n1, n2) ?????????????????????????????????
????????????????????????????????f ′s(n1, n2) ????
?????????????????????????????????????????
??????????????????????????????????????????
f ′s(n1, n2) ?? 15 ??????? 42 ??????????????????? QV (m1) ?
???????
QV (m1) =
15∑
i1=1
30∑
i2=1
f ′s(15(m1 − 1) + i1, i2) (5.15)
????1 ≤ m1 ≤ 42 ????? 5.15 (d) ?? 5.15 (c) ????? QV (m1) ????
QV (m1) ?????? 5.15 (d) ???? “∗” ????????? m1 ??????????
? mˆ1, mˆ2, · · · , mˆNC ????????NC ??????????????????????
????? fs(n1, n2) ??????????????????????????
v(i′) = 15(mˆi′ − 1) + 13 (5.16)
????i′ = 1, 2, · · ·NC ??????????????????????????????
?????????? fi(n1, n2) ?????????????
fi(n1, n2) = fs(n1 + v(i)− 1, n2 − b+ 126)|1≤n1≤v(i+1)−v(i)+1, 1≤n2≤250 (5.17)
????i ??????????? 5.15 (e) ??????????? fi(n1, n2) ????
(ii) ???????
?????fi(n1, n2) ??????????????????????????????
QH,i(n2) ?????????
QH,i(n2) =
v(i+1)−v(i)+1∑
i1=1
fi(i1, n2) (5.18)
? 5.15 (f) ??? 5.15 (e) ?????? QH,i(n2) ????? 5.15 (a) ?????????
??????????????????????????????????????????
? 5 ? ???????????? 122
? 5.2 ??????????????
Index Middle Ring Little
# of ROIs 414 774 758 250
QH,i(n2) ?????????????????????????????????????
?????????????? ui = (ui,1, ui,2) ???????????????
ui,1 =
v(i) + v(i+ 1)
2
(5.19)
ui,2 = argmax
n2
QH,i(n2) + (b− 125) (5.20)
? 5.15 (g) ????????????????????????????? ui ??????
128× 128 ?????????????????????
5.3.2 ????
?????????????????????????????????????????
???????????????????????????????????????
?????????????????90 ????????????? 5 ????????
? 900 ??????????????????????????????????????
??????????????????????????????????????????
? 5.16 ??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????? 5.2 ????????
???????????????
??????????????????? 2 ????????1 ????????????
???????? 1???? 1 ????????????????????????????
? 5 ? ???????????? 123
? 5.16 ?????????????????“∗” ???????????????
???????????
? 5 ? ???????????? 124
? 5.3 ?? 1 ?????????
Index Middle Ring Little
Genuine 594 1,400 1,358 319
Imposter 84,484 296,978 284,788 30,386
? 5.4 ?? 2 ?????????
Algorithm Index+Middle Index+Ring Middle+Ring
Genuine 470 476 1,166
Imposter 64,150 63,785 237,229
???? 2??????????? 2 ?????????????????????????
????? 2 ?????????????????2 ??????????????????
??????????????????????????????????????????
???????????????? 1, 2 ???????????????? 5.3, 5.4 ????
???????3.5 ????????????Snum ??????????????????
?????w1 = w2 = 48?(K1/M1, K2/M2) = (0.5, 0.5)?Nref = 100??????????
??????????????????????????????????????????
?????????????? BLPOC [47]?CompCode [129]?LGIC [50] ???????
?????????
? 5.17 ??? 1 ???? ROC ????? 5.5 ? EER ???????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????
? 5.18 ??? 2 ???? ROC ????? 5.6 ? EER ???????????????
????? 1 ??????? EER ??????????????????????????
? 5 ? ???????????? 125
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BLPOC
CompCode
LGIC
Proposed
(a) (b)
(c) (d)
? 5.17 ?? 1 ???? ROC ???(a) ????(b) ???(c) ???(d) ??
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????
??????????????? Matlab R2013a ?????Intel Core i5-2540M (2.60
GHz) ?????????????????? 33 ms?1 ??????????? 81 ms ?
????C ? C++ ?????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????? 5.19
? 5 ? ???????????? 126
? 5.5 ?? 1 ???????????? EER [%]
Algorithm Index Middle Ring Little
BLPOC 18.95 7.83 9.27 18.17
CompCode 18.13 8.96 7.12 16.21
LGIC 15.88 5.03 5.11 12.39
Proposed 14.46 3.69 4.82 11.81
? 5.6 ?? 2 ?????????????????? EER [%]
Algorithm Index + Middle Index + Ring Middle + Ring
BLPOC 6.12 6.90 4.84
CompCode 5.94 5.11 3.59
LGIC 3.81 3.69 2.42
Proposed 1.82 2.27 1.54
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????? 5.20 ??????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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BLPOC
CompCode
LGIC
Proposed
? 5.18 ?? 2 ???? ROC ???(a) ??? +???(b) ??? +???(c) ?
? +??
???????????????????????????????
5.4 ???
?????? 3 ?????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
? 5 ? ???????????? 128
(a)
(b)
? 5.19 ??????????????????(a)?????????????(b)
???????????????????????
(a)
(b)
? 5.20 ??????????????????(a)?????????????(b)
???????????????????????
? 5 ? ???????????? 129
??????????????????????????????????????????
?????????????????????????????????
130
? 6?
??
???? 2 ???? 5 ????????????????????????
? 2 ???????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????? 4 ?????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????
? 3 ???????????????????????????????????????
?????????????????2 ????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????
? 6 ? ?? 131
? 4 ??????????????????? 3 ??????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????
? 5 ????? 3 ????????????????????????????????
??????????????????????????????????????????
??????? 2 ??????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? Android ?????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????
?????????????????????????????????????????
??????????????????????????????????????????
? 6 ? ?? 132
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????? 1 ???????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????1 ???????????????????
??????????????????????????????????????1 ? N
??????????????????????????????????????????
??????????? 2 ?????????????????????????????
??????????????????????????????????????????
???
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??A
????????????????
???????
A.1 ????
?????3.4 ??????????????????????????? [115] ?????
???????????? [118]??????????????? [130] ??????????
??????????????????????????????????????????
??????????????????????????????????????? [16]?
?? X ??????????????????????????????????????
??? [18]???????????????????????? X ????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?? A ??????????????????????? 134
A.2 ?????????????????????
?????????????????????????????????????????
??????????????????????????? PolyU FKP Database [46] ??
????????????????????
A.2.1 ????????
???????????????????????
????????? 90 ?????????????????????????? A.1 (a),
(b)?????????????????????????????????????????
??????????????????????????????????????? thpeak
??????????????????????????????????????????
??????????????????????????????????????????
???????????????? pL ??? qL ???????????????????
??????? pR ??? qR ??????????????????? AL ??? AR ?
????????????????????????????
p¯L = ALq¯L (A.1)
p¯R = ARq¯R (A.2)
????z¯ ??z ????????????????
AL =
⎡
⎢⎢⎣
aL11 a
L
12 a
L
13
aL21 a
L
22 a
L
23
0 0 1
⎤
⎥⎥⎦ , (A.3)
AR =
⎡
⎢⎢⎣
aR11 a
R
12 a
R
13
aR21 a
R
22 a
R
23
0 0 1
⎤
⎥⎥⎦ (A.4)
????? (A.1), (A.2) ?????????????????????? AL ??? AR ?
?????? A.1 (d), (e) ??????????????????????????????
?? A ??????????????????????? 135
(a) (b)
(c) (d)
(e)
pL pR qL qR
? A.1 ?????????(a) ???????????????????(b) ??
???????(a), (b) ???? “+” ????????????????
thpeak ????????????(c) ?????????????????
??????????????????????????(d) AL ????
??????????????????????????????????
????(e) AR ??????????????????????????
????????????????(d), (e) ???? “◦” ??? “+” ??
??????????????????????????????????
??????
?? A ??????????????????????? 136
????
?????????????????????????????????????????
?????????????????BLPOC ????????????????????
??? A.1 (c) ????????????? 18 ????????????????????
????????? 9 ?????????? A.1 (d) ????????????? 9 ???
??????? A.1 (e) ????????????? A.1 (d) ???????????? 9
???????????????????????????????????? BLPOC ?
???????????????????????????????????? A.1 (d) ?
?????????????????????????????? BLPOC ????????
? A.1 (e) ???????????????????? BLPOC ????????????
???? 18 ?? BLPOC ???????????????????????BLPOC ??
????????????????????????????????
A.2.2 ?????
??????????????????????????????? PolyU FKP
Database [46] ??????????????????PolyU FKP Database ???165
????????????????? 6 ??? 2 ??????????384 × 288 ???
?????? [45] ???????????????????????? (Region Of Interest:
ROI) ???220× 110 ?????????? 7,920 ??????????????????
??????????????????????????????????????????
?????????????????????????????165× 4 = 660 ??????
??? 1 ???????? 6 ???????2 ???????? 6 ???????????
??????? 23,760 ???????? 15,657,840 ??????????????(A) Ito
?????????? [16] ??(B) A.2.1 ???????????????????????
??????????????????????????????? lmax = 3??????
?????? 48× 48 ????????? BLPOC ??????????????????
?? 32× 32 ?????(K1/M1, K2/M2) = (0.5, 0.5) ????????????? (B) ?
?? A ??????????????????????? 137
? A.1 ???????? EER [%] ??? d′
Algorithm EER [%] d′
OE-SIFT [51] 0.850 —
CompCode [50] 1.658 4.2989
ImCompCode & MagCode [50] 1.475 4.3224
BLPOC [50] 1.676 2.4745
LGIC [50] 0.402 4.5356
LGIC2 [52] 0.358 4.7001
Algorithm (A) 0.547 4.3905
Algorithm (B) 0.321 6.9424
??thpeak = 0.29 ????
? A.1 ?????????????????????????? OE-SIFT [51], Com-
pCode [129], ImCompCode & MagCode [45], BLPOC [47], Local Global Information
Combination (LGIC) [50], LGIC2 [52] ???????? (A), (B) ? EER ??? d′ ??
????d′ ?????????????????????????????????????
???????????????????????????????
d′ =
√
2 |μgenuine − μimposter|√
σ2genuine + σ
2
imposter
(A.5)
????μgenuine ??? μimposter ??????????????????????????
?????σgenuine ??? σimposter ?????????????????????????
?????????????????????? EER ? d′ ??????????????
????? A.1 ??????????????? A.1 ????????? (B) ??????
??????????????????????????????????????????
????????? (A) ??????????????????????????????
?????????
?? A ??????????????????????? 138
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? A.2 ?????? (A), (B) ??????????(a) ?????(b) ????
????????? (A) ??????? (B) ??????????? A.2 ??????
?? (A) ??? (B) ????????????????????????????????
(A) ???????????? (B) ??????????????????????????
?????????? (A) ??????????????????????????????
????? (B) ???????????????????????????????????
??????????
?? A ??????????????????????? 139
(a) (b) (c)
? A.3 ???????????????????(a) ?????????(b) ??
????????????(c) ?????????????
A.3 ???????????????????
?????????????????????????????????????????
?????????????????????????????????????? CASIA
Palmprint Image Database [123] ??????????????????????
A.3.1 ????????
? A.3 ?????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????
???????? 13×13???????????? A.4 (a)???????????????
?? 8??????????????????????????????????? A.4 (b)??
????? A.4 (a) ?????????????????????????????????
?? A ??????????????????????? 140
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Score = 0.667
? A.4 ???????????????????(a) ?????????(b) ??
???????(c) (b) ???????????????????????
???
??????????? A.4 (b)??????????????????????? d ???
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Recognition rate [%] 80 90 100
# of input images = 1 314 714 1,706
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No. ?? ?? No. ?? ??
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